We describe a cluster of early valve degeneration (EVD) in a series of 281 Mitroflow valves implanted during 1999-2013. Patients with EVD were identified as having symptomatic stenosis or regurgitation within 6 years of implantation leading to reoperation.
INTRODUCTION
Prosthetic valve degeneration is a recognized process following the implantation of biological prosthetic valves. Durability up to 15 years has been demonstrated with newer generation valves. The Mitroflow pericardial bioprosthetic valve (Sorin Group Canada, Inc., Mitroflow Division) has shown a low incidence of valve-related events and is recommended in patients above the age of 65. The rates of actuarial freedom from reoperation has been published in the literature at the 10-, 17-and 20-year followup, which demonstrate acceptable results [1] [2] [3] [4] . Pericardial valves have been recommended by some to be used in an older patient population [5, 6] . Although European guidelines recommend the use of biological valves in patients aged 60-65, the national adult cardiac surgical database report has noted an observed increase in their use in younger age groups. Thus, it has been recommended that individual centres track outcomes [7, 8] .
The main outcome measures of this study were to determine the incidence of early structural valve degeneration (SVD) and to identify possible risk factors within our patient population who have undergone aortic valve replacement with Mitroflow pericardial valves.
MATERIALS AND METHODS
We retrospectively analysed a prospectively collected database of 281 Mitroflow valves implanted in the aortic position during 1999-2013 at our institution. Valves were implanted in a standard surgical technique. All procedures were performed on standard cardiopulmonary bypass with cooling of the patient. The majority of our patient cohort received cold blood cardioplegia, while a minority received crystalloid fluid. Our study cohort was not limited to isolated aortic valve replacements.
The indication for surgery in all patients was SVD presenting as either stenosis, regurgitation or mixed disease. Surgical intervention was decided upon following collaboration between the cardiac surgeon and the cardiologist, thus both echocardiographic as well as clinical indications for redo surgery were present. Degenerative changes were confirmed during intraoperative visual examination, typically showing macroscopic calcification and architectural destruction of the valve itself.
Multiple studies have shown acceptable durability of the Mitroflow valve at 10 years [1] [2] [3] [4] 9] . We therefore included all patients undergoing redo surgical valve replacement for SVD within 10 years of implantation in our analysis (n = 15, Group 1). In this study, we classified cases of early valve degeneration (EVD) as those who needed redo surgery within 6 years of initial implantation (n = 10). Additionally, a subgroup analysis was performed in this cohort of patients. Both Group 1 and the subgroup were compared against all patients who had Mitroflow aortic valves implanted who did not require redo surgery for SVD (n = 266, Group 2). The study was carried out in accordance with the American Association for Thoracic Surgery/Society for Thoracic Surgeons/European Association for Cardio-Thoracic Surgery guidelines for reporting valve morbidity and mortality to the best of our abilities [10] .
Statistical analysis was performed using MedCalc for Windows (MedCalc Software, Ostend, Belgium). Continuous variables were analysed using unpaired t-tests and categorical variables analysed using either the χ 2 test or Fisher's exact test for values <5 within a contingency table. Freedom from reoperation was estimated by Kaplan-Meier actuarial analysis. Patient characteristics in both the 10-year and 6-year groups were compared with those who had Mitroflow valves inserted and not requiring re-replacement. Analysis was performed using univariate analysis and Cox proportional hazard multivariate regression analysis. Preoperative factors included in the Cox regression model included the following: angina, previous myocardial infarction, previous cardiac surgery, diabetes, smoking history, hypertension, chronic obstructive pulmonary disease (COPD), extracardiac arteriopathy, atrial fibrillation, poor left ventricular (LV) function, elevated creatinine (>120 μmol/l) and age >65. Odds ratios (ORs) were calculated from standard logistic regression analysis and hazard ratios (HRs) were calculated from Cox regression analysis with 95% confidence intervals (CIs). A P-value of <0.05 was considered statistically significant. The linearized rate of reoperation was calculated as the number of events per 100 patientyears in the cumulative follow-up.
RESULTS
A total of 1495 tissue valves were implanted in the aortic position at our institution over the past 14 years. This comprised 275 (18%) Mitroflow valves. There were 15 (5%) cases of patients returning to the theatre for redo aortic valve replacement due to SVD within 10 years of implantation. A substantially high number (n = 10, 67%) of these degenerated within 6 years, resulting in clinical symptomatic deterioration necessitating redo aortic valve replacement. Three valves degenerated within the second year of insertion, one in the fourth, two in the fifth and four in the sixth. The median age in Group 1 was 60 (interquartile range (IQR): 46-71) and 74 in Group 2 (IQR: 66-78). The median time to reoperation in our series was 5.9 years (±1.9). Further preoperative demographics are displayed in Table 1 ..
The most common native valve pathology was degenerative disease: 73 and 82% in Groups 1 and 2, respectively. The commonest cause for explantation in Group 1 was stenosis (n = 11, 71%). This remained unchanged in our subgroup at 6 years (n = 8, 80%). The sizes of explanted valves were as follows: 19 mm = 2 (7.5), 21 mm = 5 (33), 23 mm = 5 (33) and 25 mm = 3 (20%).
Intraoperatively, there were no differences between the two groups. A majority received cold blood cardioplegia (n = 12, 80% and n = 201, 76%) and were cooled to 30°(mean 31 ± 1.8 and 29.3 ± 3°) for Groups 1 and 2, respectively. Additionally, there were no statistically significant differences in the mean bypass time (Group 1 = 96.9 min ± 43.8, Group 2 = 106.9 min ± 40.9, P = 0.47, CI = −10.9 to 22.4) and the mean cross-clamp time (Group 1 = 63.8 min ± 27.4, Group 2 = 106.9 min ± 40.9, P = 0.43 CI = −16.6 to 36.7) in both groups.
Postoperatively there were no significant in-hospital events in Group 1, thus making comparison in this regard insignificant. There were no in-patient deaths in Group 1. In Group 2, there were 5 in-patient deaths; these cases were not counted in our actuarial freedom from SVD analysis. As the main purpose of this study was to evaluate preoperative risk factors specifically for SVD, further analysis towards postoperative complications was not conducted.
The median effective orifice area index (EOAI) of explanted Mitroflow valves was 1.3 cm 2 /m 2 (IQR: 1.1-1.65). There were no identified cases with an EOAI <0.85 cm 2 /m 2 . Therefore, we do not feel that patient-prosthesis mismatch was a potential risk factor for early SVD in our series.
The preoperative demographics analysed as potential risk factors included age <65, atrial fibrillation, hypertension, chronic obstructive pulmonary disease, stroke, diabetes, preoperative angina, poor LV function, previous cardiac surgery, renal dysfunction (serum creatinine >120 μmol/l), smoking and extracardiac arteriopathy. Comparison of Groups 1 and 2 demographics by univariate analysis demonstrated age <65 to be a statistically significant predictor of SVD at 10 years (OR: 3.74, CI: 1.38-10.1, P = 0.01). This was also significant in Cox proportional multivariate analysis (HR: 2.9, CI: 1.0-7.7, P = 0.03). In our subgroup analysis at 6 years, age <65 trended towards significance in univariate analysis only (OR: 3.18, CI: 0.96-10.49, P = 0.057). No other preoperative demographics were shown to be predictors of EVD. These results are summarized in Tables 2-5 . 
DISCUSSION
The incidence rate of SVD was 5% at 10 years since implantation and 3.6% at 6 years since implantation. Our rate of actuarial freedom from reoperation for SVD was 97 at 6 years and 92.5% at 10 years ( Fig. 1 ). Our linearized rate of reoperation was 0.7%/ patient-year for all age groups (CI: 0.9-1.2), 1.8%/patient-year for those 65 and younger (CI: 0.9-3.4) and 0.3%/patient-year for those older than 65 (CI: 0.1-0.7). Yankah et al. [9] demonstrated a rate of actuarial freedom from SVD of 89.5 at 10 years and 71.8% at 20 years in their large analysis of 1513 Mitroflow pericardial valves. Additionally, their linearized rate of degeneration was 1.4% per patient-year. Their large series supported the conclusion that Mitroflow valves were comparable to other types of available bioprosthetic valves. The only significant predictor of SVD within 10 years of implantation was age. On initial comparison between Groups 1 and 2, a statistically significant difference existed with regard to age. However, we feel this is due to the fact that younger patients with SVD are more likely to be offered higher-risk redo surgery and this was our primary indicator for SVD. Those aged <65 had roughly a 3-fold increase in their risk for developing SVD, with a majority of these cases developing SVD within the first 6 years. The rate of actuarial freedom from SVD in those aged >65 was 95% but only 85% in those aged <65 (Fig. 2) . Our linearized rate of degeneration went from 0.3 to 1.8/patient-year once age became >65. The pathogenesis of how or why this occurs is still uncertain.
A study involving microscopic analysis of explanted valves revealed the presence of calcification, pannus, thrombus and inflammatory cells as well as collagen disruption [11] . It is hypothesized that differences in the shape, structure and dynamic function place pericardial valves in a different risk category from their porcine counterparts. In an earlier study performed at the same centre, Yankah et al. found that the 10-year rate of actuarial freedom from SVD was 87%. Additionally, they found that a younger age (<50) was found to be a significant risk factor for SVD at univariate analysis [12] . There are many studies in the literature that have shown an acceptable rate of SVD in Mitroflow valves. It is ideally suited to elderly patients with multiple comorbidities [13] . In a study by Pomar et al. [3] 161 Mitroflow valves were implanted over a 10-year period. They found the linearized rate of degeneration higher in their younger cohort of patients. The rate of developing SVD was 3.13%/patient-year in the 60-69 age group and 1.2%/ patient-year in the >70 age group. A retrospective analysis of 152 patients (mean age of 79.5) by Sjögren et al. [14] demonstrated a rate of actuarial freedom from SVD of 99 at 5 years and 82% at 10 years. Another retrospective study by Jameson's group demonstrated that the rate of actuarial freedom from SVD at 10 years for those aged over 65 was 85% [15] . These findings are similar to our own. Minami et al.'s [4] large study of 1044 patients showed a 10-year actuarial freedom rate from SVD of 77.6% in all patients but this improved to 85.8% in those aged >70 with a valve diameter ≤23 mm. Pomar's group similarly found Mitroflow valves to be preferable in patients older than 70 when compared with those in their 60s. Their rate of developing SVD was 3.13 vs 1.2%/ patient-year, respectively [5] . Favourable long-term results of Mitroflow valves have been validated in other studies up to 20 years, also advocating their use in patients older than 70 years of age [12, 16, 17] . Benhameid's group looked at outcomes after 15 years in 161 patients. The rate of actuarial freedom from SVD at 15 years was 80.8% in patients older than 70 but only 62% in those in the 60-69 age group [18] .
In contrast, there have also been published papers demonstrating poor functional outcomes with the use of Mitroflow valves. Examination of explanted valves by Lenandri's group identified that collagen degeneration was an important causative factor. Additionally, there were lipid infiltration, pannus growth and atheromatous reactions. They state that the mode of failure originates from a tear occurring near the commissure, leading to further structural changes within the cusp tissue. The incidence rate of SVD was 13% in their study [19] . Similar morphological changes have been seen in smaller studies and concerns have been raised regarding the methods of valve production including but not limited to harvesting, processing and preservation [11] . Additionally, Alvarez et al. [20] looked at 491 patients for a median follow-up of 3.4 years. Despite their older patient population (median age 76.5), the incidence rate of SVD was 4% with a median time to reoperation of 6.3 years. The Carpentier-Edwards pericardial valve has a documented rate of actuarial freedom from SVD of 98 and 96% at 5 and 10 years, respectively. In a comparative study between Carpentier-Edwards and Mitroflow valves, superior performance was observed in the latter with regard to durability (SVD rate of 2.3 vs 5.4%/patient-year) [21] .
The main purpose of this study was to evaluate our centre's experience with Mitroflow valves as we had noticed a fairly high incidence of early SVD within our patient population. Additionally, we wished to see if we could identify any potential risk factors for EVD. Despite analysing a variety of comorbidities, age <65 was the only statistically significant risk factor. Regression analysis showed it to be a highly significant predictor in SVD within 10 years of implantation and trended towards significance in 6 years of implantation. We suspect this would have been significant in a larger cohort of patients. This is relevant as there are specific groups of patients younger than 65 who may require biological valve replacement to avoid warfarinization or those who refuse by choice. Additional limiting factors in this study are as follows. Owing to absent data, we were unable to obtain the size of all Mitroflow valves implanted. This would have aided in further subgroup analysis as there is evidence to support better performance of this valve in smaller aortic roots [4] . And finally, due to a lack of up to date survival data, the actual freedom from SVD could not be accurately calculated, thus limiting the extent we can report on this valve.
CONCLUSION
There is an unexplained incidence of EVD resulting in explantation in some patients at 2 years after surgery. Mitroflow valves may not be suited to a younger age population. Further evaluation with a larger sample size is needed to draw more definite conclusions.
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